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(57) Abstract 

A process for preparing a highly unsaturated fatty acid, characterized by culturing a microorganism belonging to the genus Mortierella 
and resistant to a carbon source in a medium having a carbon source concentration of at least 4 % by weight at the time of the initiation of 
the culture and harvesting a highly unsaturated fetty acid from the culture. Culturing for about one week can provide a highly unsaturated 
fatty acid in an amount of at least about 7 g/1. 
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^ K>M^ 'Jt^^ - 7 - V J U y^Rt^ / Xit 4 ^ ^ ^ y ■^^ X. y 

ffl ^ 1^4 {c K ^ ^ o 

. v'^^-r-y/b^^CS. lis 14-x>i'3-9-m;x>^ 
),x^3-9-/<>:J'x.y^(5s 8. lis 14. 17-x^3-9- 

{'^^nrfcO. ?L!fi®^W{3l^Ao i ^ ( TAdvances 
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Publishers, 1993, pp. 261-264 ) o $ b , Ji§]M®#g^FaO^ 
W{c*J{tafilltt>^>^"^^$nTl^^ (Proc. Natl. Acad. Sci. USA 
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^ > >^<DMji;^i4 i LT(is ^ ;U -r i/ -5 ( Mortierella 

%$tlTl/>6 (#^¥7-3 4 7 5 2, #M¥6-1 5 3 9 7 0. 

8 - 2 1 4 8 9 3 , Chapter 4 in Industrial Applications 
of Single Cell Oil, ed. by D.J. Kyle and C. Ratledge, Ameri 
can Oil Chemists' Society, Illinois, 1992 . WO 9 6/210 
3 7 s ^'J^W- 7 - 2 2 5 1 3 . #^a>¥ 7-12315. 1 - 

243992)0 

li}^LUi!}< i> Z :il!^m^tlX\.^ 6 ;l-T 4 ly 5 ( Mortierell 

^i^-ALy^iy^jc^ffl^tlT^-^^^yU-r ^ :r.U^ ( Mortierell 
a_) H^->'V'r ^ J:- P (Subgenus Mortierella ) {cM-t-S^^ 

r - y y I/' >^Oi[it{-ffl btlTl^ -5 * ^l/x ^ j:. 1/ 5 (Mo 
rtierel la ) M"^^ rJ^pA^ — yUffiP (Subgenus Micoromucor ) fc 

s^^m^^iit^LTs mht-^\-cm<r>^mm. (itii!i*fc^3®^j^ 

>f X U 7 Mil {CM Mortierella alpina co^ 2 2 . 5 g/ 
L {d^LT. -7^ ^ P A 3 -• yl/^g {C^-^ ^ Mortierella ramann 
iana var . ajigulJ_spo£a_O^WJS(i 7 9 g/L {CjILTI^^ (Chap 
ter 5, Chapter 7 in Industrial Applications of Single Cell 0 
il, ed. by D.J. Kyle and C. Ratledge, American Oil Chemists' 
Society, Illinois, 1992) ) o 
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wo 98/39468 PCT/JP98/00891 

yMo^sttjcM LTs cntn-ic^ m^ii<^m^^ 6-15397 

g/L ©7^+ ¥^ >m^<&m^n^ z. t fz<wm^ 8-2148 
9 3 ommm-^^u. -xjis 4 . 3 i§m 3 rpbIt 2 

. 3 g/L ©T ^ + ymTb<^m^n6 c tt^. ^ti^'tip^^^nr 

. ^mmom^=^mii(>fzmnLmi'tzmtlrii. rchapter 4 in I 
ndustrial Applications of Single Cell Oil, ed. by D.J. Kyle 
and C. Ratiedge, American Oil Chemists' Society, Illinois, 1 

992 J (Dmm^^mnt. ^^x + x h o-x^i^g 9 . 8%. mmi 

Bfel-ei. 5 g/L . X K D - 9 . 8%. ±§ftl6B 

P^T? 9 . 1 g/L ©7 5 + K >®*^i^$tlTl-^6*^. ^JIllx^X h 

K V^^^M(it)-r*^ 1 . 5 g/L i<£<. 4^»^Bi<*t-|>/ci6{C 

t fc. wo 9 6 / 2 1 0 3 7 ©HHfe^jT-fi^ ^SOM^'yl^^ -XiiJt 
1 0 . 8 S felT- 5 . 3 g/L ©7^+ K $ tLT 

'i^^ ^ i> So 

tc^]g14^1^!!6 J; o <h-r Sii^^c^i^^^^^©4W»^ii^■t*v 
^i^^Yc 0 ©^m«^it-^-r^j:i:"©:^^£;^^"K btlSo ^^tl^W© 
fcJ6©^#lii^^>Sj^l^^.©g®^^J6S C <h(i^^^©4W«^ 
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( Mortierella ) M JSt" S ^fijffl L T. T^+K>^^ i> 

^-ypx ^ X u 5 ( Mortierella ) M Mt" ^ i^^^. RtJ^ 

'J 4-^^ - 7 - ^) y >^RC>VX{d:x^ ^li^-^ > ^ X ^/^X(i€n 
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l^^m^BJUr- ^ x.iy'^S.micmt^Wi.^m C Mortierella alpina 1 

( Mortiereiia ) MizMt 6m^^=^mmmii^m(ommmmmt< A 

J^U^ ( Mortierella )M{cB-t ^^M^^NpO^^Miift 



wo 98/39468 PCT/JP98/00891 

^tl^ffl l>/-cT ^ K y^O^j^tt 5 . 3 g/L (W096/21037)O 
Mortierella ) MizMt 6'^^^"^ . A 5 :f Ig^Dik^^ PI*^|J ^ # 

X c n ^ # Wt- § SI g CD ^ ii :^ ^ *i -5 o 

Mortierella ) Mi^Mt ^^^m^^s 2 0 "C Ji>l TT^m L T ^ 

Mortierella ) mi^Mt ^Wl.^m^^^^ntl ^m'^m^w^m^t 

S o 

S AM 2 1 9 7 ( F E RM B P - 6 2 6 1 ) ^$i#t^ ^ ^ 

y ( Mortierella ) Ml^Mt 6^^^ t {i. tyl/x^xb^ ( Mort 
ierella ) M {c 1 ^ ^ * o T ^ ^mmf^^ O mmM-mmi)< 

4 %2(±. J?t L < (i 8 %m±. J: t L < 1 I %B±'C:\ m 
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wo 98/39468 PCT/JP98/00891 

^m^c^ 'onm^'if^'^xmm^ 2-1 2 am. &t l < 5 ~ i 2 
H Pals ck «9 0 i L < 5 ~ 1 0 Bmn -o tz t ^ . ^m^fz^ . 73 

C O J: 9 *;Uf- ^ X L/ -7 ( Mortierella ) M Id 

/A4o^-;l/7'>fxu^ ( Mortierella ) jSlcti, ^jlf--[J^iyy^ 
M (Subgenus Mortierella ) t ^ ^ u a - jl^^m (Subgenus_M 
icoromucor ) * -5 d i e> tlT *5 «9 > T 5 4^ K > ®e^ 4^ * - 
r - 'J y U'ViJROVX^x^ 3if/N^>^x>^cD|git{c{i^;UT 
>( jLUv^M (Subgenus Mortierella ) \z.mt 

o 

t t ;Ux ^ X U ^ 3iM (Subgenus Mortierella ) , T h° 
(Section Alpina ) , >[ ^ u y ^ v % (Section Hygroph 
na_) , ^yl/x^xU5K (Section Mortierella ) . -> :i ^ 
U E (Section Schrouckeri ) s yf V y ^ (Section Sim 
plex) , XtVl^-g (Section Spinosa ) . X 5" a X -5 g (Sect 
i on Stylospora ) ^;&<^-SC<!:*^'^btlT*Jf)s T y ^ Y ym. 
i^^fs^- - r - U y U >^ROVX(ix^' nf-^>^x>^©^ig(3 
{iT;Ut°i-E (Section Alpina ) KMir L\.^ o 

7 ;U b° :^ K (Section Alpina ) lzU7Jl\i-f- ( alpina ) g 
T-feT ( alliacea ) «^;&<abS C ^^^n^.f^E ( 

Section Hygrophila ) {3«x n yy?"^ ( elongata ) ®^ ^ ? x ^ 
•y'>^ ( minutissima ) ^ 6 Z. ti}<^ ^Jly^^jLUy^ (Se 

ction Mortierella ) {C )j -t? 7 r v ( polycephala ) ia^;6^'*) 
^Ct^<. X^DX^x-^K (Section Stylospora ) 
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v'-^^ ( verticillata ) U^^^ ^ ^ :i t t!}<^ tlT ^ o 

^mm-D < (i'rfrm i re i # 3 -t) jc. 1 9 9 7 ^ 3 ^ 3 b ic. g 

W Mortierella sp. S A M 2 1 9 (FERM BP- 6 2 6 1 
Mortierella sp. S A M 2 1 9 7 ^ {±TiB©^#fi^ttM^ 

^ o 

LcA^tt (Glucose Ig, KH2PO4 lg,MgS04 •7H20 0.2g, KCl 0.2 
g, NaNOa 2g, Yeast extract 0. 2g, Agar 13g, Distilled Water 1 
, 000ml, pH 6. 5~7. 0) : 

fife -So 

rJ - > ^ -jvm^^m (Difco ^ u : 0 3 8 6 - 0 2 

- 2 ) : 

a n jn-OitSti 5 0 mmo ^ ^< 5 © TE#^ ^Ml" o =1 d ^ - (i 

^m^itmnf^uwiummizm^t^o m'poomcD^mizm 
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I. 5-2. ^ timo mmom^(Dom'?'^^vmT-o^^iT^Mm 

±iB<DM^*^b. SAM 2 1 9 7t5^U. Mortierella MMortiere 
11a MMJ-M^a fe® ilHl^^n/Co 
^MB^Oifi^^O^^^Jcittt^^-r^^^VT-^ J^l/^ ( Mortie 

reiia ) m\^mt &.y\z.7f^-tmm^¥FRx}mmi5m-Q 

. 77^b-Xs ^i/P-X. if^^D-X, vyl/h-x, nJi^tt 
, ^ic^/^Wn-X. ^^•^^h-x. v/l^h-X. yj-tD-yl/. ^ 
3 - >xx ^ -T' 'j ;^ >'^^°^^©^^^* 
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So ^(Dmmt IT, mA.i€. ^^-^Tti L< ii^t ft) > 
(DC t ^^ityi^m ; :t u ^ y L < a ^ - jvmo c't^mjifjm 

mi^^L< ym(D::: t^mmm^^i&X'. x{tm.^^t)^xm 

i(i^tt(c:5* LT 0 . 0 0 1 ~ 1 0 if * t < (i 0 . 5-1 

1 0 



wo 98/39468 PCT/JP98/00891 

tfzmmm(Dm.^isimu. o. o i ~ i o ^ ^ l < (i o 
, 1-1 0 m&%(Dmj^tir ^cDij^m^^'o tfzi^mmth\^<D^m^ 

g ^ M ^to f- C i 1? ^ o 
^HMS 5 - 4 0 °C s iTt L <it 2 0 - 3 0 <b L . t fz 2 0 
~3 0 °C{CT^ftLTM^$^iim-a:La6/cm 5 ~ 2 0°C(CTi^»^ 

I.pH©|bHT*>6 4 - 1 0. if * L < (i 6 - 9 i LTiima^iS^ 

. ^Mi^«s xii^mi^m^n-o o ^iz^^Pi^^m^m^^tzM^mw 
L^^o mmitmn 2 ~ i 2 b fei^ if 4 l < u 5 ~ 1 2 am. j: ^ i? 

t L < (i 5 ~ 1 0 B It 9 o 

mw^m-^^mt mj^mmmK^Lx ^ 0 ~ 1 0 0 s 

S C i ;6^' -e ^ o 

1 1 



wo 98/39468 PCT/JP98/00891 

X e -b if ^ > , X b° -fe i^- ^ y - . -tr -9- ^ U > ^ 2 - ( 3 , 
4-^f-U>-:^^^i/7xx;U) - 6- (3->h + i/-4-hK 
n + ->7x-;l/) - 3, 7--^jf + ifh'i/^n [3. 3. 0] :t ^ 
^ 2, 6-t:X-(3-^h^>'-4-tKo + i^7iX;l/) 
-3. 7-v^;f4--9-lfv'^'P [3. 3. 0] ?t-^^>X{i2 - (3 
, 4-^^L/>v^:t+'>7xx;V) - 6- (Z-^h^^-A-t 
K o + V 7 X y ^ ) - 3 , 7 - ;r + 1t f X ^ o [ 3 . 3 . 0 ] 
t ^ ^ >m(DU Vf- >mit^m ; t°^Px;i/7' h ^if-f K ; ^ ^ 
^ > : iWl^ite ; ^7E^;rA ; m^^m^. M^if^^^y (Tarragon 
) . ^ J y KS? (Dill Seed ) ^ y<-\z U (Parsley ) . ^ y ( 
Turmeric) . :^ 7 ^ ^ (Nutmeg) b ©tt tt}^ ; SEiJDl^oa 

p{ 5^.;l/X^;U'b- b >s v^x^yu^hy, y^y-vP, xrJ'y-;u^ 

1 2 



wo 98/39468 PCT/JP98/00891 

IzKiLXO. 0 0 1 - 1 0 if t L < 0 . 5~rofi»% 

t^^^. (DmtaMi,i^mi^M LT3 X 1 o-'-a x i o-'fi» 
% T 6 o 

tfz. J:.t°-t-!f^>. J^t°-t1f^y- 

LT 1 X 1 0 1 X 1 0 -'m»%-e^^o znih(D^i]a^mit^ 
m^L< ii'towmLtz^mm. ttzit^ti^'tiij^^mmLtzmm 

1 3 



wo 98/39468 PCT/JP98/00891 

^oa5^^;^A, -J ^ a n / ^ > , S?* - -'l^^ <^r ffl C 
?f S d i -e ^ s if ^ L < {i --v ^ -9- > ^ffl Tffi di -r -5 o 

±15© J; -5 L T tL fcljg M «43 {' (i , #S^lt:f^lS^ollllte^;6< 
iX-r yl/'fb^ n-S) i^-i^^^tc^il-r^ d <h*<-e:-^ -So ■^Jx.li\ 

1 4 
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^ 5^;u:nx-r;i/. r- 'J y u f-;i/x x -r 

II^M^^ 5^.'i'iX7">'i/;&^^*nTi.^€)o 

i- U t> i^^<D ^ m t L X (D tT^ ^ - 7 - 'JyU>^ 

> f^/l/iXT^;!/. 7 V + K vMp* f->'l'XX7";U, x^Dif^VrJ'x 
f- ;p ^ CD W ^ i« T {i{ 1- ti ct I- ^ o 

rella ) M {C« ^ ^^1^ ^ Ci{CJ;oT?ibtl'SJj&g{i 

mmm. ttzit^mmrWiO^mm^L < it^ommnzmmm. 

1 5 



W09809468 PCT/JP98/00891 

^mttzm^^omi^i^t. mnt<mi^\Hic^m^nx{^ ^htzi^mit 
$tiic < < . ttzija^^mi^ h^^xi> 6fzibut L < . ^mmi^ 
ib^ihmn=^umLfzm<Dmmh. *^B.^®flgs©fib{cgsg^K^ 

V/ ^ i X ji^" 9 A , y "7 -( > i/ CL ^) > u ^ (Dm^ y "7 y h > 
com. ±^(D'^'\^mm^^^^^ir ^M.^mmmm tt 6 c t 

1 6 



wo 98/39468 PCT/JP98/00891 

S o 

ii!fefflll^?L. ^i[j!^ffl:fen^. fiSiiffl^n°n> ^Am^S:. ^mm&] 
-ei-So *IIB^©^p^^i^ K:^m^ - r - y / 

mi^m^^ h>ti^o commit, mm. $> ^^^iit^k^o-kSiifsi^^^ nt 
. ^i-b. 7 5-<. ttSJf. ^^-^^y. h^-i-y''y. t^<o^m^ 

X. ¥U y y>^\ f-gnu-h. fip^5-y>> + + 7;<;U. 

XB#{cttJ5I^J!ipx./-cj!3nx:ftD°p. /^- Kexy-y 

1 7 
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ib^m. m^m i^^y^-. 

, /nA. K-ny^ V - -b - ^i: O^M:tpp. * ^tf^ 

. W^'^^^x<^:•©7K^:tD°p. mH-t)cil4^ Mwl>:*4^ x - 1^: . 

0 . 0 0 1-50 nm.%t^^-^ Li/^ PBS^ ^>®-??(i^c£ 

o 
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(1) Sf«x + xo. 5%. (2) ^-yi/n-x 

2%, 1 (3) ^^;l/3-X3%. ^fti^Xl. 5 

%^ (4) r;W3-x4%. ^■aji + x2%. (5) ^';U3-;^5 

%> ^-S:i + X2. 5%. (6) y;l/3-X8%. ^#J^+X1. 
6 (pH6 . 3) 10ml^5 0iDli>'l'P>-7^-^-77 

X 33 {c-?:tl€tLAtLx 1 2 0 "C-^ 2 0 5^Fb^^» L fco 

^■;l/f-^ib^MSAM2 19 7<*(FERM BP-6 2 6 1 
) ^Czapek^^^m ( 0 . 2 %NaNO, ^ 0. 1%K2HP04^ 0. 0 5 
%Mg-S04 • HzO s 0 . 0 5 %KC1 ^ 0 . 0 0 1 XFeSO^ • THzO. 3 
% Sucrose . 2%«3^. pH6. 0) X^>ht-®»L. HS^ff^RfeX 

fz'^. SS^^?^^ 1 0 0 1 iISS L^Co 

U V/ y n X - :^ - (1 1 0 rpiD ) {C J; «9 2 8 °C T 6 0 ThI L 
fZo ItiifC cfc fr) ffi<*^lHlJR t. i-^7Xi5feL/cm^ 1 0 5 °C 

1 9 
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-^^(10%) 2inl^5ta^> 5 0 "CT- 3 NffamS-r C i {C J: o 
X^^^/PiXT^/U'fbLs n-'s^it>4inls 7KlInl<^ri□;tT^ 20 
ffitB L}^^J^:S^i:^J^^<^> U - - (4 or. 1 f^rsl) T^iL/c^ 

^ L 
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25. 13 
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119.8 


70.4 


125.7 


135.5 


179.3 
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35.1 


30.2 


47.8 


53.8 


43.3 


±mm (g/L) 


0. 07 


0. 38 


0. 30 


1.22 


1.82 


1. 95 



( 1 ) ^jlzi~x 6 !« . ^#x4-X 2 J( . 0 . 2 %S:0'T 

x;^y-;UO. 0 1 %^^t:J^* (pH 6. 3) (2)^';U3-X 
8 !« . ^Si^X 2 !li s ^'Cfi?* 0 . 2 %RO'Tr :^ y -^U 0 . 01 
%^^t:^tt (pH 6 . 3 ) . iZ)^'Jlzi--7.ll%. MM^^^ 

2 0 
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pH 6. 3) % I ^ I Q I ^ - V r - / y - Ktl. 120°C 
-t?3 Q "^mWULtZo t;I/f-^xU5MSAM2 1 9 7^ (FER 
M B P - 6 2 6 1 ) (Om^^^ 1 0 0 w\^1^m ii^* 1 vvm 
. m.^WL 3 0 0 rpm . 2 8 "CT'. 8 B Pal © ii ^S^^i^S ^ 

2 B g . 3 B @x 4 B B 2 . 0 % r>»V=3 - X^-^ 

(1) 42. 3gs (2) 60. 5g. (3) 83. 1 g(D^mm 

-r^«ij^(%)(i(l) 40. 7. (2) 39. 4. (3) 41. 

(id) 7. Ig/L. (2) 9. Sg/L. (3) 14. 3g/ 

mSl±L. ^U^/^l/^i-X^gl l%T(il 4. 3 g/L{c^-C=|ql 

3 . Hafe^J 4 i(Si:X}^mn ^(Ptz^ony Yu-)\^ 
-X 6 %Rr>'Sf#i^X 2 (pH6 . 0) 10 

Oml^S 0 OmlJ^yl/l^>■7^i'-■7^X3(rA^^ 1 2 0°C-T?2 0 
^^-ThI^M L/Co HJfel^lJ 1 Tffl V^fc t;W-f- ^iU-5MSAM2 1 9 7 
^(FERM B P - 6 2 6 1 ) OBa?^^^ 1 0 0 1 L. 
U >' y p •> X - 7!7 - (1 1 0 rpm ) {C J: «9 2 8 °C T 8 B fel® Mi^ft 

iiL> ^)!i0(*:3 1 2 Omg^li/co :?pd^;I/Zs- 

2 1 
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C ®tolil^M7K> ^ J ~Jl-mm (1 0 %) ^ffl l/^T 5 0 °C fCT 

3 i^Famsf ^ c i (c J: ^ry ^yi/xxv^yi/'fl: Ls x-x;UT-ffltt} 

6. 1%. :tb'-f>^yf-;l/15. 7%. Uy-yU^y^yUT. 2 

t ~ 7 - ') y \y >Wtlii 0 . 2 2 s/h. T5+K>K(i2. 

6 3 g/L-e*-D/io 

^-i;iJ:-oT:5>ilL. r-Uyi/V®y^>'i/. i^;f.*-r-'Jyu 

;}-^ t - r - 'j y u Tv^F>^p< 

yl- ^ n 2 4 . 1 mg. 2 6. 4 mg. 5i O' 2 3 6 . 4 mg ?i 

o 

6 + x 2 %:sLt^^m^2 %^^t:i^i^ ( 

pH6.. 0) 2 nil<l: 1 0 ml J^^l/P y ^-T - 7 7 X 3 {c Atls 120 

X-e 2 0 ^^Pal^ffi L/Co 1 -tPffll/^fi^r^b-r b ^ B S A M 

2197i^(FERM B P - 6 2 6 1 ) CDflg^^^ 5 0 1 

mt. U •> 7' o X - :^ - (1 5 0 rpm ) J: «9 2 8 °C 8 B Pal M 

iK^m. / ^JV^x-T jv^t. SiO'ft tb^lf (-^^ l#e>n/cflgMy f- 
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^tz^ ^mmwt^ 3 1. 2 g/L. i^*^ - r - 'J V 1^ vi^j^^' 1 • 

- X 6 %S.CJ^S# 2 (PH 6. 0) 2 

nil^ 1 0 mli;U U>'-7^-\'--7-77.3 IcAtXs 1 2 0 "CT- 2 0 ^^-Tb^ 
^HL/io ^Jfef^ 1 trffll^/::^>'l/-r ^ il/5MS AM 2 1 9 7 if* ( 
PERM BP-6261) ©Sa??§?^ 5 0 // 1 L^ P 

po,^_^_ (i50rpm) {::J:«928°CT?2B PaliSM^ft L fi ^ 

. i^mum^ 1 2 "cjcTtf ^ b 6 B L tz. mmmrWi. m. 

5. 8%. ^U'-r>®^^>'H2. 1%. Uy->'^^^^>'1'6. 4 

7-'jyuym>f-;W4. 7%. v5;^*-r-'>iyu>^>^ 

p cTum^ 1 3 sMijcD 2 icm^t ^^t^-^ titz'^^m^oB^Si 

abT^ B*a305, fcfe!c!Ro< ri?m 1 T@ 1 S 3 ^ 
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^ Mortierella sp. SAM 2 1 9 7 

F E R M B P - 6 2 6 1 
^1^ B 1 9 9 7 ^3^35 
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1. ift2iS®jK^i® l-Stt^Wf" S ^^U-T- ^ X U ^ ( Mortierel 1 

a_) Mizmt ^w^^^i^mm^^ommmmmi< 4 mm%w.±o 

2. ^«iS0^#2i(ciiiittt^W-t ^ X 1/ ^ ( Mortierell 

mm^x^mLr. 73^ h'>m^^^t6mn^^f^itL}6^ ^ 

3. ±bS^>'1/x ^ Ji U -5 ( Mortierella ) Ml^Mt 6^^mi<. 
^ y-V (Subgenus Mortierella ) KMt h^^^X^ 

4. ±ia^-;V5^ ^ U ^ (Subgenus Mortierella ) izM-t^ 

TUT-feT ( alliacea ) S M S ^^tl^e 

3 mmtDmmysmo 

5. ±fa^->'l'f- X U -7 MM (Subgenus Mortierella ) izMi'6 
m^<&}Tf)<. 7J\y\ii- C alpina ) St^B-T ^ 5 3 IS 

6-. ±ia^;Ux ^ i U -7 MM (Subgenus Mortierella ) fcM^-?, 
1^^«^*<> *;Ut- >f b 5Ji S AM 2 1 9 7 ( F E RM BP- 
6 2 6 1 ) X^^m^m 3 IB«c0^i^;6r^o 
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8. if aJtOi^Siif-Wtt^W-tS^^^T ^ J- ( Mortierell 

a_) mi^mt^'^^^m^. ^mmm^(Dmmmmmt< im&%i^± 

LT 't^^ - r - 'J y u >^^ai?x-r 6 c <h ^#iS: i "t S 4-^ t - 

9. 'S ^r;l/x ^ U 5 ( Mortierell 

1 0. ±^'e JVt- ^ :r.u ^ ( Mortierella ) M M "T # 
. ^-^l/x ^ i U ^ ffiM (Subgenus Mortierella ) {cM t" 1^^^"^ 
tb^m^-^ 8 X« 9 iB^©®!Jt:^^o 

1 1. ±IS^ v'l^-r -Y ix- ^ (Subgenus Mortierel la ) iCM't 
^Wi.^'^i)^. 7U7-t?T ( alliacea ) SfcMt" i)^^tl'eab SIS* 

^ 1 0 ia«®^jt:^?*o 

1 2. ±5S^->'^r ^ ^ 5ffiH (Subgenus Mortierella ) izM't 
^WL^^i}<s y)\yyi+ ( alpina ) Sf-M-^ Sm^^^t?*) SII^S 1 

1.3. ±fa^>'l''r ^ U 7 MB (Subgenus Mortierella ) (cMt" 
^ i U^M S AM 2 1 9 7^ (FERM BP 

- 6 2 6 1 ) -e* sit*il 1 0 i^mo^W-^-h'^o 

1 4. 8 l[»%m±T-*. !> d i 

1 1 Si**^ 8 T^M 1 3 ©i;>t-*ti;()^f-f5tfe© i^j^^--r-'JyU'> 
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1 5. i^iiJtO^^^.(-»tt^*1-a ^^I^r -f J- U 7 ( Mortiere 

iia ) Mi^mt^'^^m^. i^mmm^(Dmmmi^m*^ i mm%]?j 

1 6. mM&omMMlZ.m^^'^t 6 JVt" ^ y ( Mortiere 

11a ) Mi^mt^m^m^^. ^mmii^^(D^mMmmi)< ins.%w. 

1 7. ±IE^/^x -f X 1/ ^ ( Mortierella ) M^^M^t ^^^^t^ 
, €r;l/-r X u- ^ MM (Subgenus Mortierella ) Jd M "t" S 'T? 
* -5 it 5)^:11 1 5 X(i 1 6 ia«©Mig:^}*o 

1 8. ±l2^>'l'-r 'f X 1^ ^ ffiH (Subgenus Mortierella ) KMt 
TVT-feT ( alliacea ) « (CM^ S l^^'^'^ 

1 9. ±IS^-'^f- >f X U ffiS (Subgenus Mortierella ) fcMI" 
tWi^^ii^. TJV\^i- ( alplna ) g {c M 1" S * ^ i*^^ 1 

7 t^m(Dmit:^mo 

2 0. ±12^' >'^T X b 5 MM (Subgenus Mortierella ) KMt 
?>W.^m^^. t;l/x>fXi/^PSAM2 1 9 7^ (PERM BP 

- 6 2 6 1 ) ■vi)6m>km 1 7 ia«co^jt:^^o 
2 1. ^mmiih^<Dmmmmmt< 8 mm%pj.±x ^ 6 z. t ^^m 

tt^m^^l 5J^M2 0 ©l^f tL-6>{C|Bi4©x^ :3 -9-^ > iJ' X > 
2 2. i^xgS©j^^i!i{CiIiittt^W1"^^->'U7^^ J^l^^ ( Mortiere 
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2 3. ±iS^;Ux^xi/5 ( Morticrella ) Mi^Mt 
, Jl y( X. [y y MM (Subgenus Mortierella ) IzMt ^Wl^^-T! 

2 4. ±iS^-^Px >f X 1/ (Subgenus Mortierella ) IzMt 
6m^mt<. 7V7^7 ( alliacea ) S M ^ ^ T * IS* 

2 5. jVf- ^ X.U vMM (Subgenus Mortierella ) KMt 

6^±mi)<. T)\^\i± (alpina) S id M -T S *> S 2 

3 mm(^mmmmn<> 

2 6. ±ia^-;l/x ^ U -7 ffiM (Subgenus Mortierella ) \zmt 
^/l^x^J^l/^MSAM2 1 9 7^ (FERM BP 
- 6 2 6 1 ) SiSjj^^ 2 3 ie«g©l(i^ffl|^!H4o 

2 8 . ±mm^mmni}<m^mmux'^6m^m 2 2 xt* 2 7 ie 

3 0. Siggf® j^^^{cittt^Wt a ^^l^x >f X U 7 M S AM 2 
19. 7^(FERM BP-6261)o 
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